Background: This prospective study evaluated the relationship between arthralgia and compliance during the first year of adjuvant anastrozole therapy in postmenopausal women with hormone receptor-positive early breast cancer.
introduction Third-generation aromatase inhibitors (AIs) are a well-established, cost-effective component in the adjuvant endocrine treatment of postmenopausal women with hormone receptorpositive (HR+) early breast cancer [1] [2] [3] . AI therapy requires long-term daily self-administration of an oral medication, and adherence to this regimen is essential in achieving optimal efficacy. Adherence of <80% with endocrine therapy has been shown to be associated with an increase in all-cause mortality [4] . As such, poor compliance observed with AI therapy in patients with breast cancer is a cause for concern. Furthermore, retrospective data indicate low compliance levels with endocrine therapy [5, 6] , which appear to decline over time [6, 7] .
Reasons for poor adherence to prescribed breast cancer treatment regimens are multiple and complex [5, 8] ; however, AI-induced arthralgia is considered as one barrier to optimal adherence. Arthralgia (joint pain) is commonly experienced by women at menopause, where it is thought to result from a reduction in estrogen levels. Thus, AI-induced arthralgia is believed to be a side-effect of the estrogen deprivation associated with AI therapy [9] . In clinical trials, AIs are more often associated with arthralgia than tamoxifen [10, 11] , potentially due to their different mechanisms of action. Despite its prevalence, the cause and management of arthralgia remains an area of uncertainty among oncologists. Although guidelines exist, they are often not utilized effectively in clinical practice. Given the role of AIs in this setting, all disciplines need to be familiar with the optimal management of AI-induced arthralgia [12] . To date, no prospective data from daily routine clinical practice are available on the effects of AI-induced arthralgia on patient compliance with therapy.
Here, we present the results of COMPliance and Arthralgia in Clinical Therapy (COMPACT), a prospective study evaluating the relationship between arthralgia and compliance during the first year of AI therapy in postmenopausal women with HR+ early breast cancer.
methods study design and patients
COMPACT was an open-label, multicenter, noninterventional study (NCT00857012) conducted in Germany between April 2009 and March 2011 under daily routine conditions. Postmenopausal women ≥18 years with histologically or cytologically confirmed HR+ early breast cancer, who had started adjuvant endocrine treatment with anastrozole, either upfront or following 2-3 years' tamoxifen therapy ('switch') for at least 3 months and up to 6 months before the study start, were enrolled. Patients must have had breast cancer surgery and, if applicable, received radiation therapy and/or neo/adjuvant chemotherapy. Patients were ineligible if they received concomitant treatment known to affect sex hormone status or to interfere with tamoxifen.
Patients underwent standard routine care, and all treatment decisions were independent of the program. Patients were discontinued from the study if their breast cancer recurred, or they ceased adjuvant endocrine treatment or switched to treatment with tamoxifen or a different AI. All patients provided written informed consent, and the study was conducted in accordance with the Declaration of Helsinki. Ethics committee approval was obtained before study initiation.
outcomes
The primary end points were the assessment of arthralgia scores and patient compliance within the first year of anastrozole treatment, stratified by upfront and switch therapy, and assessment of the relationship between compliance and arthralgia scores.
Secondary end points included assessment of the incidence of arthralgias within the first year of anastrozole therapy, stratified by upfront and switch therapy, and assessment of safety and tolerability of anastrozole.
assessment
Previously developed support materials (letters/brochures) including information on breast cancer, coping with the diagnosis, lifestyle, and diet were mailed to all patients at specific time points throughout the study.
Patient questionnaires were sent at baseline and 3, 6, and 9 months (visits 1, 2, and 3) after study start. Data on arthralgia intensity/incidence and patient compliance with anastrozole were assessed at baseline and visits 1, 2, and 3. Arthralgia incidence was also assessed retrospectively for the 4 weeks before enrollment.
Arthralgia was assessed using the Rheumatoid Arthritis Symptom Questionnaire (RASQ). Compliance with anastrozole was assessed using documentation collected from both the doctor and the patient (via patient questionnaire) (see supplementary material for RASQ description and compliance questionnaires, available at Annals of Oncology online). Patients were defined as being compliant when both the doctor and the patient rated compliance to be ≥80% (i.e. the patient had taken 'almost all' or 'all' anastrozole tablets in the observed period).
Safety was assessed throughout the study. Adverse events (AEs) were coded according to the Medical Dictionary for Regulatory Activities (MedDRA, version 11.1).
The safety population was used for the safety analysis and the intent-totreat population for the primary analysis of arthralgia and compliance.
statistical analysis
All statistical tests were carried out two-sided at a 5% significance level using the SAS version 9.2. Analysis of association was person-based and each time point was analyzed separately. No adjustments were used for logistic regression analysis. Determination of the sample size and details of statistical analyses are provided in supplementary material, available at Annals of Oncology online.
results patients
Between Q1 2009 and Q4 2010, 2313 patients were screened across 334 centers in Germany; 2210 evaluable patients were considered for analysis. Of these, 1916 received upfront therapy and 294 received switch therapy with anastrozole ( Figure 1 ). After 9 months, 76.7% of patients in the upfront group were available for the follow-up. Results from the switch therapy group are not reported here because of the small patient population, limiting the ability to draw strong conclusions from any across-group comparison. However, these data are reported elsewhere [13] . Baseline patient characteristics of the upfront therapy group are summarized in Table 1 .
primary end point: arthralgia
Mean arthralgia scores were increased from baseline at each visit (supplementary Figure S1 , available at Annals of Oncology online). After 9 months of anastrozole therapy, mean scores were significantly increased from baseline (21 mm) by 5 mm [95% confidence interval (CI) 4-6; P < 0.05, patients with assessments at baseline and after 9 months].
primary end point: compliance
Patient compliance with anastrozole therapy gradually decreased over time from baseline to 9 months (82-66%; odds ratio 0.54; 95% CI 0.47-0.61; P < 0.001; supplementary Figure S2A , available at Annals of Oncology online). Investigators gave higher estimates of compliance with anastrozole therapy than patients throughout the study (supplementary Figure S2B , available at Annals of Oncology online). At 9 months, investigators estimated that >95% of patients were compliant versus patient reports of <70% compliance.
primary end point: relationship between compliance and arthralgia scores Mean arthralgia scores were positively correlated with noncompliance with anastrozole from 0 to 9 months (Figure 2 ). There was a significant association between arthralgia mean scores and noncompliance at 6 months (P < 0.0001), 9 months (P < 0.0001), and overall (P < 0.0001). No significant association was observed at 3 months. At 6 months, an increase in mean scores of arthralgia by 10 mm on a 100-mm visual analog scale resulted in 1.23-fold higher odds for noncompliance with anastrozole therapy (95% CI 1.13-1.34). The odds for noncompliance were 1.28-fold higher at 9 months (95% CI 1.15-1.42) and 1.16-fold higher over the whole study period (95% CI 1.11-1.21). At 3 and 6 months, a 10-mm increase from the preceding arthralgia mean score resulted in 1.14-fold higher odds (P = 0.0139; 95% CI 1.03-1.27) and 1.22-fold higher odds (P < 0.0001; 95% CI 1.11-1.35) for noncompliance, respectively. No significant association was observed at 9 months.
secondary end point: incidence of arthralgias
At baseline, patients reported a higher incidence of both preexisting and new arthralgias than investigators (supplementary Figure S3 , available at Annals of Oncology online). Retrospective assessment of pre-existing arthralgias showed that 12% of patients experienced one or more arthralgia events before the start of anastrozole therapy. After starting therapy until enrollment, 17% of patients experienced new arthralgias. Over time, new events or impairment of existing arthralgias were reported in 14% (3 months), 11% (6 months), and 9% (9 months) of patients.
safety
The most frequently reported AEs were arthralgia (44%), hot flush (6%), fatigue (4%), bone pain (3%), and insomnia (2%) ( Table 2 ). The most frequently reported AEs considered to be drug related by the investigator were arthralgia (36%), hot flush (5%), fatigue (3%), hyperhidrosis (2%), bone pain (2%), and alopecia (2%). The incidence of serious AEs (3%) and AEs that led to treatment discontinuation (5%) was low. Seven (0.4%) patients died during the study due to AEs considered to be unrelated to study drug by investigator or sponsor assessment.
discussion
The COMPACT study provides comprehensive data on overall compliance rates with anastrozole therapy in postmenopausal women with HR+ early breast cancer. Results showed that Presence of concomitant diseases related to the skeleton, muscular system, a n (%)
(45)
Pre-existing arthralgias before anastrozole therapy, n (%)
230 (12) a In the total safety population, the most commonly reported diseases were skeletal conditions (21%) and back pain (20%). BMI, body mass index; SD, standard deviation. original articles Annals of Oncology patient compliance decreased and arthralgia scores increased over an observed time span of up to 9 months. These findings are consistent with results from two previous studies that revealed adherence rates to anastrozole therapy decreased each year to 62-79% at year 3 [6] , and that AI-induced musculoskeletal problems worsened or incidence increased up to 2 years after AI initiation [14] . Our results demonstrated that arthralgia scores were significantly associated with noncompliance at 6 and 9 months post-study start, suggesting that over time arthralgia can have a negative impact on patient compliance. Although statistical significance was observed, clinical significance needs to be established. There appears to be a general consensus that a 30% reduction in pain intensity, equivalent to 'much improved' or 'very much improved' on a global impression of change, may be considered clinically significant [15] . As such, it may be assumed that a similar parameter would apply for an increase in pain intensity to be considered clinically relevant. However, this benchmark needs to be confirmed in future studies [15] . In addition, although musculoskeletal symptoms have been reported as the primary patient-reported reason for AI discontinuation [16] , it is unknown if arthralgia intensity has a greater impact on patient compliance than arthralgia incidence. Other factors potentially influencing adherence include extremes of age (older or younger), increasing out-of-pocket costs, follow-up care with a general practitioner (versus oncologist), higher cytochrome P450 2D6 activity, and switching from one form of therapy to another [17] . This is of concern as low adherence has been associated with an increase in all-cause mortality [4] . Interestingly, arthralgia and musculoskeletal symptoms may be positively associated with clinical outcomes following endocrine therapy, reflected by a significant improvement in overall [18] and disease-free survival for women experiencing these symptoms [18] [19] [20] . Similar findings have also been reported in a retrospective analysis of the Arimidex, Tamoxifen, Alone or in Combination (ATAC) trial [2] .
The most frequently reported factors thought to improve compliance with oral medications include educating patients on adherence (taking medication as instructed and clinical outcomes) and better management of treatment-related AEs [21] . Prospective data on the extent of compliance and reasons for noncompliance in postmenopausal women with early breast cancer receiving anastrozole as an initial adjuvant therapy are reported in the Patient's Anastrozole Compliance to Therapy (PACT) program [22] . In contrast to previous evidence [21] , educational materials used in PACT did not significantly improve compliance with anastrozole therapy [22, 23] , suggesting that direct discussion between physicians and patients is essential in achieving optimal compliance. Results from one study suggested that oncologists do not sufficiently discuss the importance of adherence to adjuvant endocrine therapy with patients [24] . Thus, it is recommended that oncologists educate patients on potential drug-related AEs, clinical outcomes, and the importance of adherence, to help manage expectations and beliefs about therapy. Furthermore, awareness of the potential relationship between joint symptoms and therapy response may help inform patients and improve long-term adherence [2] . Psychological home support, training in taking medication, and monitoring by pharmacists have all been shown to improve patient compliance in other diseases [25, 26] . Management of psychological factors may be helpful; depression and stressful life events were identified as major predictors for pain deterioration in women receiving successful non-AI treatment for early breast cancer [27] .
We showed that investigators reported a lower incidence of arthralgia and higher estimated rates of compliance with anastrozole than patients. In contrast, one study reported higher self-reported patient adherence rates for tamoxifen and anastrozole therapy than prescription-controlled adherence rates [28] . Our results suggest that it is important to educate treating physicians on the management of arthralgia and its potential impact on patient compliance and quality of life. This should include educating oncologists, and doctors of other disciplines, on differentiating between types of musculoskeletal complaints such as arthralgia, arthritis, and muscle pain. The Arthralgia Working Group has developed a step-wise treatment algorithm for AI-induced arthralgia management, including the use of anti-inflammatory agents with additional analgesia where necessary [29] . It has been reported that the use of analgesics to manage AEs does not influence patient compliance with therapy [11] . In addition, arthralgia management should be conducted in collaboration with rheumatologists [30] . The arthralgia assessment techniques used in COMPACT, including RASQ, assessed both arthralgia pain and incidence. Thus, this study provides accurate and informative results contributing to the understanding of healthcare professionals involved in the management of women with breast cancer experiencing AI-induced arthralgia. There were some limitations to the study. Although patients were not actively excluded if they were not compliant with anastrozole therapy in the 3-6 months before study start, it is likely that they were not included because of the lack of patient interest or the physicians did not consider them appropriate for inclusion in the study. This may have caused bias toward more compliant patients and those with milder arthralgia symptoms. Furthermore, there was no active investigation of patients who were lost to follow-up during the study to determine reasons for discontinuation and as such we are unable to comment on whether this discontinuation was related to arthralgia. In addition, arthralgia and other musculoskeletal complaints were not specifically defined, and patients with osteoporosis were included. The various approaches to quantifying compliance among studies should be considered when comparing results.
In conclusion, data from the COMPACT may help inform patients and healthcare providers about the importance of arthralgia in the clinical management of women with early breast cancer and, therefore, contribute to the improvement of patient compliance and treatment outcomes.
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